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ABSTRACT
The problem of this experiment is to determine which of three
factors; sulfite level, bromine level, and development time, affect
the image spreading
during' the infectious development of a graphic
arts film. Three different levels of each factor will be studied.
The method used consists of measuring the distance between two
fine edges on a test target. This test target is then contact
printed onto the graphic arts film. The distance between the two
fine edges on the graphic arts film is then measured. Any differ
ence betv/een the two distances will be the result of image spread
ing. It is these distance differences that are used as the response
in the three level, three factor Yates analysis. The sulfite level
has been found to be a significant factor. The conclusion is that
the sulfite concentration affects the image spreading during the
infectious development of graphic arts film, but not bromine level
or development time.
The film tested was Kodak Kodalith Ortho, Type 3.
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INTRUDUC TION
This experiment investigates the effect of three factors on
the image spreading during the infectious development of graphic
arts film. The aim of the research is to determine if sulfite level,
bromine level, and development time affect the distance an edge
will spread. Each factor will be tested at three levels. As the
experiment has been designed, it will only tell if a factor is
significant or not, the experiment will not tell which of the three
factors are most significant. There will be three equally spaced
levels of sulfite concentration, three equally spaced levels of
bromine concentration, and three equally spaced levels of develop
ment time.
a glass test target with three high quality edges is contact
printed onto the graphic arts film. In the three factor, three level
experiment l am using, there will be a total of 27 peices of graphic
arts film to be analysed. The glass target is read on the micro
densitometer, as are all of the contact printed graphic arts films.
The microdensitome&er will yield the distance between the edges on the
glass target and also the distance between the edges on the graphic
arts film. Any difference in the distance between the glass target edges
and each of the 27 test strips 'gdges will be due to the effect of
the combination of the three factors. Using this technique, I hope
to get a measure of the distance the image spreads at each of the
27 different combinations. The distance the image spreads as a
function of the three factors at three levels will be the response
variable in the Yates analysis of the data.
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INTRODUCTION
Theoretical Bases for the Research
A combination of graphic arts emulsions and special developers
are required to give a very high contrast, low fog, and high max
imum density. The characteristic curve will show a very sharp toe,
due to retardation effects. This film/ developer combination is used
for the production of half tone dot images
for'
the reproduction of
continuous tone illustrations by lithography.
With half tone dot negatives, the dot quality is very important.
There are many factors that must be taken into account when assessing
dot quality. Some of them are: j; Edge of dot must be sharp, 2) Little
or no fog between the dots, 3) Very high density of the dot, 4) No
halo around the dot, 5) The density gradient across the edge of the
dot must be almost infinite.
The developers used to process graphic arts film make use of an
effect known as" infectious development". Infectious development may
be defined as the rapid development of grains in the immediate
neighbourhood of already developing grains. These developers are
based on hydroquinone and contain a very low concentration of sulfite.
These developers were investigated by Yule in 1945. In normal
developers, the sulfite level is high enough to remove the oxidation
products of the hydroquinone. This results in little infectious
development. (Yule found that infectious development takes place in
almost all types of development, but only under special conditions
is it readily observed.)
INTRODUCTION
if the sulfite concentration of a developer is kept very low,
the oxidation products of the hydroquinone can build up, and their
area of action in causing infectious development will be extended
by their lateral diffusion from the exposed and developing grains.
This tends to lead to some spreading of the image, as well as in
creasing the density of the dot image. If sulfiite is absent, excessive
excessive diffusion of the oxidation products results in the large
spread of the dot image, giving a soft foot and low gamma. There is
therefore en optimum condition v/ith regard to sulfite concentration.
Yule found this concentration to be about 1.0 gram per liter.
Such a low concentration v/ould be impossible to maintain in
practice. This is solved by adding the sulfite as an aldehyde/
bisulfite complex, the small amount of dissociation in solution
maintains the low free sulfite concentration. The sodium bisulfite
complex of formaldehyde is usually used today.
Yule postulated that the a.ctive catalyst was the semiquinone.
The semiquinone can build up only at low sulfite concentrations.
it is generally believed today that the semiquinone Is considerably
stabilized by adsorption to the silver halide grain.
At the optimum free sulfite concentration, the initial convention
al development must give a density of about 0.2 before sufficient
oxidation products build up to cause infectious development, if
development'
is extended too far, the least exposed grains in the
foot of the characteristic curve would be developed by conventional
development, and this would result in a softer foot. Hence, with
infectious development some speed loss occurs, resulting from
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the fact that under infectious development the foot of the charac
teristic curve is underdeveloped.
Infectious developers are more critical with respect to concen
tration of certain chemicals than are convention developers. The
most important is the bromide level, and of coarse, sulfite.
Review of Important Literature
Probably the most important piece of literature published
oniinfectious development is J.- A. C. Yuie"s Eormaldehyde-Hydro-
quinone Developers and Infectious Development. ( J . of the Franklin
institute, 1945). He fully investigated the phenomenon of
infectious development.
A very helpful book on the subject of infectious
development
v/as Photographic Processing,Chemistry by L. F. A. Kason(The Focal
Press, 1966J. He presents a very good discussion on infectious
development on pages 163 to 165.
The German book Reprographe has an article on page 91 entitled
!'Un Infectious Development" by G. Vanreusel and R. Verbrugghe. The
artical describes an experiment showing image spreading as a
function of pre- exposure and development time, it was this artical
that inspired the idea for this research.
Several other books also mention infectious development, but
these books usually only give
a definition of the term.
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Methodology of Research
One of the major problems of this experiment was determining
a way to measure the spread of the image. Using a resolution target
was considered, the image spreading would have caused the lines to
spread and fill in. But, this would have lead to non- continuous
data.
A second method that was tried v/as putting a physical mark on
a test target and then contact printing the test target to the graphic
arts film. This physical "scratch" on the film*s fine edge would show
up on the graphic arts film as anfine line of his* density. But, this
technique was also discarded beca.use of the difficulty involved in
scribing a scratch mark on a test target made on high resolution film.
This lead to contact print Hookers Target directly onto the graphic
arts film(?igure 1J. Hooker's target consists of three bars ox differ
ent density, one edge of each is a fine edge that when read on the
microdensitometer gives an ed^e gradient of close to infinity.
These bars are on a piece of glass.
The contact printing on graphic arts film results in three clear
patches surrounded by high density. The density of these three oa.tches
is not the same, if we measure the distance between two of the fine
edges on Hookers target with the microdensitometer, we can compare
this distance with the new distance on each of the 27 test strips.
At. first glance it may seem as if this method would not work since
as Hookers target is set up, both lines (edges J will be spreading

































distance and the test strip distance. However, the density on either
side of the edge is different. This proved to allow for a difference
in the distance between the target and test strips. (Figure 2).
Having perfected a way of calculating the image spread, the
next step was to mix the various chemicals needed. These consisted
of nine special developers. The starting point for mixing the nine
special developer^ was Childers formula(Table ^). The formula
Childers used is described in terms of molarity, which I converted
to grams per liter. This v/as easily done by simply converting each
of the chemical, constituents to their molecular weights and then
scaling this value with the corresponding molarity. Thus, the amount
of chemicals needed for
abnormal"
infectious developer are known.
Tv/o of the chemicals used in the developers are to be varied, the
sodium sulfite and the ppotassium bromide . This was
accomplished
by taking the normal value
of sulfite and bromide and scaling up
and down(i.e. increasing and decreasing their value )by a factor
of 25^.(Tablea-2j.
This results in nine different developer compositions, and for
each of these there are three different development times for a
total of 27 test strips.
A few preliminary test strips showed that a main exposure time
of 17 seconds and a marginal exposure time of 7 seconds gave good
results in terms of maximum density. The enlarger lens was stopped
down to f/22 and the height of the enlarger was about 2.5 feet.
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INTRODUCTION
Although the exposure was the same for each of the test strips,
the density of the strips varies widely( Table 3).
The final step v/as to read each of the test strips and Hookers
target on the microdensitometer. The distance between the two edges
of Hookers target is then subtracted from the distance between the
two edges of the test strips. This gives a valu-e for the image
spreading that can be used in statistical analysis. (Note; the values
are read off the microdensitometer records without converting to any
other units such as millimeters, etc. The data proved to be much
easier to handle.)
The Hypotheses
There are three hypotheses that this experiment will attempt "to
answer: 1) Does a change in sulfite level affect the distance the
image spreads during infectious development?! 2) Does a change in
bromide level affect the distance the image spreads during infec
tious development? 3) Does a change in development time affect the
distance the image spreads during infectious development?
The Results
The results of this experiment are the data as
tabulated in
tablee4. The results are the distance the image has spread.
The Analysis of the
Data
The data for this experiment is analysed according to a Yates
analysis of a three factor, three level experiment. See tables 5
and 6 .
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INTRODUCTION
Discussion of the Results
The Yates analysis indicates that sulfite level is significant.
This means that sulfite level affects the distance the image spreads
during the infectious development ofi graphic arts film. In addition,
the analysis indicates that the relationship is quadratic. This
seems to agree with Mason's discussion on sulfite level, he indicates
that there is an optimum point in sulfite level with regard to
image spreading, and the quadratic relationship seems to indicate this
Both bromine level and development time were not significant.
This indicates that these two factors do not affect the distance the
image spreads during infectious .development.
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SUMMARY AND CONCLUSIONS
The experiment has shown that sulfite concentration affects
the distance the image spreads during infectious development. It
is a quadratic relationship. Bromine concentration and develop
ment time v/ere found to be not significant.
One difficulty in the experiment v/as the calculation of the
image spread. Since the degree of infectious development spread.
is relatively small, there were not big differences between the
distance on Hookers target and the distance on the227 test strips.
This is the reason the data looks almost non- continuous.
Another problem is that the different development combinations
result in different densities adjacent to the fine edge. This
makes for easier calculations since the differences will he in
creased but results in an additional factor that cannot be analysed
with the Yates analysis.
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